Awareness of the importance of cotton fiber quality (Gossypium, L. sps.) has increased as advances in spinning technology require better quality cotton fiber. Recent advances in geospatial information sciences allow an improved ability to study the extent and causes of spatial variability in fiber parameters. However, these studies are often harvested by hand and ginned on small research gins. Fiber quality from cotton lint harvested and ginned in this manner is different from that machine-harvested and ginned on production-scale equipment. The objective of this study was to develop a method of correcting for error introduced into cotton fiber quality parameters from samples as a result of harvest and ginning methods. This correction method will allow more realistic comparisons between results that researchers commonly report and measurements that a producer would receive. Field-grown cotton was harvested either by machine or hand, and ginned on a small research gin or a production-scale gin. The results reported here examine the population characteristics for physiological fiber parameters including micronaire, strength, length and uniformity. The correction needed for translating the research results to the production scale was determined. The error inherent in that correction was determined for different populations of cotton fibers from different years. To demonstrate the impact of the research-induced error and the correction factor, spatial maps of cotton fiber length are plotted.
INTRODUCTION
The introduction of the cotton (Gossypium hirsutum, L. sps.) yield monitor has allowed growers to identify regions within production fields that vary in lint yield (Wilkerson et al., 2001) , and take corrective measures to better match inputs to potential profits. Cotton fiber quality directly impacts the value of the cotton, and hence the potential profitability (Sassenrath et al., 2004) . Knowledge of the spatial variability of the crop value is needed to develop site-specific management scenarios that optimize profitability. In cotton, this requires information of both the spatially registered yield and the cotton quality. Moreover, to better explore the impact of soil and biotic factors on cotton fiber development, we need information on the spatial variability of cotton fiber parameters. Information on the spatial variability of fiber quality comparable to that for cotton yield, however, is not readily available.
Previous research studies demonstrating the extent of spatial variability of fiber properties have relied on hand-harvesting the cotton at intervals throughout the field Green, 1997, 1998; Elms et al., 2001; Johnson et al., 2002; Ping et al., 2004; Davidonis et al., 2004) . However, hand-sampling is not amenable to production-scale cotton harvesting because of the time and labor required, and because of biases in hand collection of cotton bolls (Calhoun et al., 1996) . We have developed an automated sampler for a cotton picker that removes a portion of the seed cotton during the harvest operation (Sassenrath et al., 2005) , making it more feasible for use in a production setting. While this system allows rapid, georeferenced collection of samples over a large area, it is still limited by the small size of the cotton samples, requiring ginning on a small-scale research gin. The differences in fiber properties resulting from the harvest and ginning methods used in cotton fiber spatial variability studies limit the extension of these research results to the production setting.
Harvest and ginning operations alter cotton fiber properties (Williford et al., 1987; Williford, 1992; Calhoun et al., 1996; Dunn et al., 2002; Braden et al., 2004) . Guo et al. (2004) noted differences between cotton lint from small research gins and production gins, especially in micronaire values. While Gannaway et al. (2004) concluded that grab samples collected from the weigh wagon after mechanical harvest were comparable to producers' results, they did note that length, strength and uniformity were better in the grab samples. Calhoun et al. (1996) found that, although hand-sampled cotton showed a greater correlation with machine-harvested cotton, the hand-harvested cotton reflected a tendency to select better developed bolls than machine harvesting or grab samples. They found an increase in micronaire and fiber length with hand sampling.
This study was undertaken to quantitate differences in cotton fiber characteristics between researcher and producer-scale harvest and ginning methods and test the accuracy of methods of correcting for research-induced errors. This report examines changes in four major fiber properties that have been found to vary with harvest and ginning operations: micronaire, strength, length and uniformity. Once corrected, spatially accurate maps of cotton fiber properties are compared.
MATERIALS AND METHODS

Cotton production
Cotton (Gossypium hirsutum, L., sps.) was planted in 2003 and 2004 in research fields at the Delta Research and Extension Center in Stoneville, MS following standard agricultural practices. In 2003, Suregrow 215 BR/RR was planted, and two rows harvested for each sub-sample for a total of 120 subsamples. In 2004, DP 555 BR was planted in the field. Two rows were harvested for each sub-sample at each of the two harvest times, for a total of eighty samples per harvest time. All agricultural inputs were identical throughout the field, and were optimal for insect and weed control and irrigation.
In 2003, all cotton was harvested on one date. In 2004, two separate harvest dates were used to increase the range of variability of the cotton quality due to weathering. Each pair of rows was considered one sample. Cotton was first harvested by hand by picking one hundred bolls of cotton from each pair of rows. To minimize bias with hand-harvesting, the hand-harvesting was performed by marking off a starting point in each row, and harvesting all open bolls from that point on until 100 bolls had been harvested. Fifty bolls were harvested from each of the two rows of cotton, and combined for the 100 boll samples. The remaining cotton in each pair of rows was harvested with a two-row cotton picker (JD 699, John Deere, Co., Iowa) equipped with a sampling system that collected all the cotton from each row separately into two sacks. The sacks were weighed separately, and a grab sample removed for ginning on the small research gin. The sacks were then combined and ginned in the production scale gin.
Cotton ginning and Classing
Small (~800 g) samples of cotton from the hand harvest and machine harvested grab samples were ginned on a 10-saw research gin (Continental Eagle, Co., Memphis, TN). No seed-cotton or lint cleaning systems were used with the 10-saw research gin. Large (20 kg) samples of cotton from the machine harvest were ginned at the microgin in the USDA-ARS Ginning Lab in Stoneville, MS, using one lint cleaner, two cylinder cleaners and one stick machine. This gin is similar to a full-scale production gin. Heating was used as needed to dry the cotton, depending on year. Sample labels are abbreviated as MH-PG (machine harvested, production gin), MH-RG (machine harvested, research gin), and HH-RG (hand harvested, research gin). All lint samples were classed at the USDA-AMS classing office in Dumas, AR, for determination of color, staple, micronaire, extraneous matter, strength, HVI color, color rd, color +b, classer leaf, HVI trash, length and uniformity.
Data Analysis
The large sample sets were randomly divided into "known" populations for development of correction factors and "unknown" populations for testing the accuracy of these correction factors. From the 120 sample set from 2003, 80 samples were randomly selected for the "known" group and 40 were assigned to the "unknown" group. Fifty four samples were randomly selected from each of the harvest times from 2004 for the "known" group, with the remaining 26 samples assigned to the "unknown" set. This allowed us to test the accuracy of the correction factor applied to a different population than that from which the original data was developed.
In addition, the "known" populations from 2003 and 2004 Early were combined for a "known" population (labeled 2003 + 2004 Early) of 134 samples. The similarity in harvest times was the reason for combining these populations. The final correction was determined from a combined population of all "known" populations from 2003, 2004 Early and 2004 Late, for a "known" population of 188 samples representing all the sampling times. In this way, differences across years and harvest times could be reduced. This allowed determination of the accuracy of using the correction factors across years and with different sets of fibers.
Data analysis was performed with Excel (Microsoft) and SigmaStat and graphs were generated in SigmaPlot (SyStat Software, Inc., Point Richmond, CA). Data are graphed as box and whiskers plots to show the extent of population values for each parameter. The "box" contains data within 25 to 75 percentiles. The median and mean are lines within each box. The "whiskers" are error bars delineating 90 th and 10 th percentiles. Outlying points are presented as individual data points above and below the box.
Control groups were used to develop correction factors for the fiber properties (Table 1) . Each parameter from the MH-RG and HH-RG "known" samples were corrected to the mean of the MH-PG results from the same population. Correction factors were determined for 2003 Early, 2004 Late, 2003 Early, and All (2003 Early + 2004 Late) control samples combined. The correction factors were then applied to the "unknown" MH-RG and HH-RG samples from each of the sampling dates. The PROCMIXED procedure in SAS was used to determine Least Squared Means and Differences between LSM between the corrected populations and the MH-PG samples from the "unknown" sample set.
Georeferenced samples were mapped in ArcView (ESRI, Redlands, CA). Interpolation of data points was performed with Spatial Analyst, using a regularized spline, with 12 points and a 0.1 weight. 
RESULTS AND DISCUSSION
Parameters dependent on physiological processes during fiber formation include micronaire, strength, length and uniformity. Of the physiological parameters, micronaire showed the greatest variability within each population ( Fig. 1 A, B, and C) , especially for the 2003 samples. The production ginned samples had less variability in micronaire values, while research ginned samples had an expanded range of values, with a slight increase in overall population mean.
However, statistically significant differences in micronaire values between populations were seen only in the 2004 MH-RG populations for both harvest times ( Fig. 1 B and C) . Strength was different between the MH-PG control and both MH and HH samples for all harvest times except the late 2004 hand-harvest population ( Fig. 1 D, E and F) , though the direction of the difference was not consistent. MH-RG samples had reduced strength from both harvest times in 2004, while strength increased in the MH-RG population over the MH-PG control from 2003. Changes in length with ginning and harvest were more consistent across populations. Length increased in all samples ginned on the research gin, except those hand-harvested from the early harvest date in 2004 ( Fig. 1 G, H and I) . This is consistent with the damage to cotton fibers from the lint cleaners used in the production-scale gins. Reduced length of the HH-RG 2004 Early samples could result from inclusion of immature bolls during harvest. These bolls would have been eliminated from picking by the mechanical harvester, and hence not contribute to total fiber properties. Uniformity was consistently increased in samples that were ginned on the research gin ( Fig. 1 J, K and L) , with an increase in the within population variability, particularly for the hand-harvested samples.
Research samples (MH-RG and HH-RG) from the "unknown" set were corrected using the factors developed from comparing research samples (MH-RG and HH-RG) from the "known" set to the production samples (MH-PG). Correction factors are reported in Table 1 for individual harvest times and combined populations. Uncorrected and corrected populations were tested with PROCMIXED in SAS to determine extent of variation. The Differences in Least Square Means, along with T-value and probabilities are reported in Tables 2 and 3 for each of the fiber parameters from the populations. In order for a correction factor to be useable, it must be appropriate for different environments (years) and different cultivars. Some of the fiber parameters were best corrected by correction factors from combined populations, such as micronaire from HH-RG samples (2003+2004E correction factor) . Surprisingly, the 2003 correction factor was most frequently the best correction factor, regardless of year. Length and Uniformity from HH-RG, and strength from both MH and HH-RG samples showed optimal correction using the 2003 correction factors. The 2004 Late strength from HH-RG samples was best improved with the correction factor from ALL fibers combined. Fiber properties with less LSM differences showed less improvement with correction factor, such as the MH-RG micronaire values.
Following development of optimal correction factors, the sample data from 2004 was pooled, corrected, and spatially plotted in ArcView. A surface was interpolated from the individual data points using a spline, with 0.1 weight, 12 points and regularized. The surfaces from MH-PG, MH-RG uncorrected and corrected fiber length are presented in Figure 2 . The corrected surface shows improved similarity to the control MH-PG surface, though the specific distribution of length is not precise. Most notable are the high values at the northeast corner, and upper west edge of the field. The hand-harvested lengths showed even greater differences, even after correction (Figure 3) . Differences in spatial structure are more apparent in the surface from handharvested samples. While the correction will improve the accuracy of spatial detail, development of correlations of fiber properties with underlying soil factors will be limited by research-induced errors in the sample handling. Substantial differences in the spatial structure still exist between the control (MH-PG) and the corrected spatial maps.
SUMMARY
Some improvement in accuracy of fiber properties was attained using the correction factors developed here. However, some fiber properties showed no improvement with correction. For some parameters, no consistent correction factor was observed. Although improvement in the accuracy of spatial maps was evident, the underlying spatial structure was still significantly different between research and production methods of harvest and ginning. It may not be possibly to accurately translate from small-scale research studies to full-scale production results. This error in measurement will need to be recognized in studies exploring differences in spatial distribution of agronomic properties.
The research gin does no pre-processing of the cotton, but has only the saws to separate the lint and seed, after which the lint passes through rollers to the collection area. The production gin, in contrast, pre-processes the cotton by drying with heat, and removing trash and leaf material with stick machines and lint cleaners. The trend in decreased fiber length with the producer-scale gin most likely results from the extra processing of the fibers through the lint cleaners, as has been previously noted (Williford et al., 1984) .
In this study, the bias towards better cotton lint observed previously with hand-harvested samples (Calhoun et al., 1996) was reduced by harvesting all bolls within a given length of row. While this improved the degree to which hand-harvested bolls mirrored machine-harvested lint, the time and labor required to harvest the number and distribution of hand-harvested samples for accurate development of spatial maps of fiber quality limits the use of this method in production settings.
In future work, we will test the methods developed here on production fields The spatial relationships of the fiber properties can then be explored, and correlated with underlying field conditions, such as soil nutrient and hydraulic characteristics, elevation, and environment.
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